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Abstract
Exposure to ultraviolet radiation (UVr) contained in sunlight is a major cause of skin 
illness such as sunburn, aging and cancer. UVr triggers local effects on the skin, which 
involve local inflammation, tissue remodeling, regulatory cytokines release and migra-
tion of dendritic cells (DCs). However, these localized effects on the exposed area are not 
the only ones that take place after sun or UVr exposure. A less known effect of UVr is the 
modulation of systemic immunity, through the generation of specific regulatory cells. 
These cells are induced, at least in part, by skin-migrating tolerogenic DCs. Moreover, 
bone marrow cell precursors can also be biased to a tolerogenic or suppressor phenotype. 
The sunlight- or UVr-induced immune system modulation can cause skin disorders like 
skin cancer and cutaneous photosensitivity in Lupus, but it also may be useful to treat 
cutaneous pathologies such as psoriasis and vitiligo. Moreover, the systemic immuno-
suppressor effect of UVr exposure may also be useful to treat autoimmunity of internal 
organs. Finally, as an inducer of cutaneous inflammatory response, UV phototherapy 
may also be useful in the treatment of cutaneous infections. Overall, UVr has profound 
immunomodulatory capacity that can be beneficial or deleterious for human health.
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1. Introduction
Sunlight is essential for life on the Earth, since there will be no nourishment provision for all 
the earth life forms without it. In addition to its central role in the production of large mac-
romolecules (carbohydrates) from carbon dioxide by photosynthetic organisms, it also plays 
an important role in promoting an adequate life environment through heat generation: our 
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planet’s average temperature is around 15°C, comparing with 482°C in Venus and −63°C in 
Mars (the two nearest planets of our system). Unfortunately, global temperature is increasing 
during the last years due to global warming, a problem that exceeds the scope of this chapter. 
Sunlight is an electromagnetic field composed of radiations with different wavelengths, rang-
ing from X-rays to infrared radiation. Some of these radiations are absorbed in the space and 
in our atmosphere. Due to this absorption, sunlight spectrum that reaches the Earth’s surface 
is composed of ultraviolet (UV) radiation (280–400 nm), visible light (400–720 nm) and near 
infrared radiation (720–2500 nm). The UV-radiation at the Earth surface is subdivided into 
UVB (280–320 nm) and UVA (320–400 nm), which have different characteristics in their effects 
on biological systems.
But sunlight not only provides warmth and food to the planet but also to the human beings. The 
different radiations that constitute the sunlight have impacts on mammalian cells, particularly 
on skin cells, since these are the naturally exposed cells. These effects are multiple and include 
DNA damage [1], reactive oxygen species (ROS) production [2], mitochondrial alterations [3, 4], 
matrix metalloproteases expression [5] and complex immune system changes, which are dis-
cussed in detail in this chapter. Many of these effects are specifically mediated through UV 
radiation, but visible light and infrared radiation also mediate cellular alterations [6].
Human skin exposure to sunlight has a range of effects on health, both beneficial and detri-
mental and not only cutaneous but also systemic.
On the side of the beneficial effects, the bright side, it is very well known that sun exposure 
is required to provide adequate amounts of circulatory Vitamin D, since this vitamin level 
depends on a step of UVB-induced photoisomerization of 7-dehydrocholesterol to previtamin 
D3 [7]. Sunlight has also been used to treat skin diseases. In ancient India and Egypt, there was 
a treatment for vitiligo that consisted of the consumption of an herbs extract and a subsequent 
exposure to the Sun, a treatment that is used in our days known as photodynamic therapy or 
photochemotherapy [8]. In 1901, Niels Ryberg Finsen published his work in which he treated 
Lupus vulgaris, a cutaneous infection caused by Mycobacterium tuberculosis, using an artificial 
source of ultraviolet light, during the years where the antibiotics were still undiscovered [9]. 
For his investigations, Finsen was awarded with the Nobel Prize in 1903, and he still remains 
as the only dermatologist in winning this prize, more than a century later. It is not surprising 
that sunlight has been employed as a treatment of different diseases. In 1903, the first hospital 
specialized in heliotherapy opened its doors in Switzerland. In that hospital patients with 
tuberculosis and rickets were treated with a precise schedule of sunbathing during several 
weeks [10]. Moreover, during the First World War, heliotherapy was used to treat ulcers and 
wounds in the absence of antibiotics.
However, there is also a dark side of sunlight exposure. It is also very well known that sun-
light has the ability to promote skin cancer, both melanoma and non-melanoma ones [11]. 
This ability to induce malignant transformation of skin cells and their subsequent progres-
sion to form a tumor is based on its capacity to induce DNA damage and mutations to the 
exposed cells. This damage, described in 1958, consists of the formation of pyrimidine dimers, 
a covalent bond between adjacent DNA bases, being the thymidine dimers the most frequent 
lesions [1]. Even though mammalian cells have a specialized enzymatic machinery to detect 
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and correct DNA lesions, these mechanisms can be overwhelmed leading to DNA mutations. 
Damaged cells can arrest their growth in order to detect and correct DNA damage, being p53 a 
key regulator of the process. If the damage is too extensive to be repaired, apoptotic cell death 
is initiated, through the intrinsic pathway [12]. Besides nuclear damage, UV radiation also 
promotes mitochondrial alterations, leading to electron transport chain uncoupling, loosing 
of mitochondrial membrane polarization and increasing superoxide anion production [13, 14].
UV radiation effects on the biology of exposed cells are very well known, but it also has pro-
found effects on immune system that may affect the local and systemic immune responses. 
These effects are studied in the field of photoimmunology and are presented in this chapter.
2. Ultraviolet radiation effects on skin immune system
As it was mentioned, sunlight has an important impact on human health. A vast majority of 
the effects initiated by sunlight are triggered by UV radiation, being UVB the most relevant in 
terms of induction of DNA damage and detrimental effects on immune system.
The UV-induced immune system alterations can be divided into direct effects and indirect 
effects. The first ones are produced on the exposed organs (most likely the skin, but also 
the eyes) by specific responses of UV-exposed cells, which have the ability to produce sev-
eral molecular mediators and, in the case of dendritic cells, to migrate. The second ones 
are induced in distant organs, both primary and secondary lymphoid organs, by the skin-
produced molecules and migrating cells.
2.1. Direct effects on cutaneous immune system
The energy contained in the UV radiation can be transferred to different molecules within 
skin cells. This energy transference can modify the target molecules, such as DNA, trans-
urocanic acid (UCA) and L-tryptophan, leading to molecular changes and a downstream 
cascade of complex cellular responses.
Trans-UCA absorbs energy from UVB radiation and isomerizes to cis-UCA, which interacts 
with the serotonin receptor [15], activating gene transcription and promoting reactive oxygen 
species (ROS) production [16], which may act as intracellular second messengers activating 
different kinases such as Erk1/2 in UVB-exposed keratinocytes [17]. But not only ROS can acti-
vate cellular kinases. After UV exposure, many intracellular pathways are activated, includ-
ing NF-κB and MAPK ones, leading to the transcription of many inflammation-related genes 
[18, 19].
As keratinocytes are the most abundant cell type in epidermis, around 95% of total cells, 
they are the most frequent target of UV radiation. This is particularly important considering 
that UVB radiation only reaches the epidermis, and UVA is the only one which can penetrate 
deeper into the skin to reach the dermis. For these reasons, keratinocytes are central play-
ers in the establishment of the UV-induced inflammatory response. These cells are able to 
sense and react to different stimuli (including UV radiation) by producing pro-inflammatory 
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cytokines (TNF-α, IL-1 α and IL-1β, IL-6, IL-18, INF-γ), chemokines (IL-8, CCL-20), growth 
factors (GM-CSF, VEGF-α) and antimicrobial peptides (α and β-defensins, cathelicidin, S100 
proteins and ribonucleases). These molecules create an environment that promotes vasodi-
latation and an increase in vascular permeability, leading to edema formation and recruit-
ment of different immune cells, such as neutrophils, macrophages and lymphocytes to the 
exposed area, reinforcing the inflammatory response. But keratinocytes are not the only cell 
type directly affected by UV radiation. Langerhans cells (LCs), the specific dendritic cell sub-
type present in the epidermis, are also affected. It has been very well described that after UV 
exposure, the epidermis is depleted of LCs [20], but it has also been established that in vitro 
UV-exposed LCs promotes defective T cell activation due to UV-induced LCs apoptosis and 
co-stimulatory molecules alterations [21, 22].
Besides keratinocytes and LCs, dermal cells also play an important role in the UV-induced 
cutaneous inflammation. Dermal fibroblasts, mast cells, macrophages and dermal dendritic 
cells can be stimulated both directly by UV radiation (mainly UVA, since UVB does not reach 
the dermis) and indirectly by epidermal produced soluble mediators [23–27]. As a conse-
quence of repetitive acute exposures to UV radiation, there is a degeneration of skin cells, 
a destruction of collagen fibers and blood vessels, which, in turn, leads to premature aging, 
photodermatoses and actinic keratosis. These alterations are consequence of the production 
of ROS by exposed keratinocytes and fibroblast and the increased production of metallopro-
teases, which finally ends in the extracellular matrix degradation.
Besides the abovementioned pro-inflammatory mediators, when the skin is exposed to UV 
radiation, keratinocytes and other immune cells, such as mast cells, neutrophils and mono-
cytes, also produce regulatory soluble mediators such as IL-10, IL-4, prostaglandin E2 (PGE2) and platelet-activating factor (PAF). PAF induces the expression of cyclooxygenase-2 (COX-2, 
the inducible form of the COX enzyme), which is necessary to produce PGE2. At the same time, cis-UCA induces keratinocyte’s production of neuropeptides that stimulates mast cells 
to release histamine, which, in turn, induces the production of PGE2 leading to a retro alimen-tation system. PGE2 induces the production of IL-4 by lymphocytes and monocytes, potentiat-ing the release of IL-10 by keratinocytes. In this way, all the described mechanisms converge 
in the production of IL-10.
UV-induced cutaneous inflammation can be controlled by specific regulation of the immune 
system. It has been recently described that both epidermal LCs and apoptotic keratinocytes 
are essential for the correct control of UV-induced cutaneous inflammation, through the 
phagocytosis of apoptotic keratinocytes by LCs [28].
2.2. Systemic effects on immune responses
As it was mentioned in the introduction, skin cancer development is one of the major health 
problems associated with UV exposure. This carcinogenic effect was first demonstrated in 
a mice model by Dr. George Marshall Finley in 1928 [29]. More than four decades later, 
Dr. Margaret Kripke observed that UV-induced skin carcinomas were highly immunogenic 
and were rejected once transplanted on naïve mice [30]. Dr. Kripke realized that there must 
had been something else than mutagenic effects on UV-radiation, and she proved that this 
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extra effect was a marked systemic immunosuppression that impeded the immune system 
to attack the tumor [31, 32]. Since Dr. Kripke pioneering work, photoimmunologists from 
all over the world have elucidated many mechanisms involved in UV-induced systemic 
immunosuppression [33].
One of the most employed models to study this specific suppression of immune responses is 
the contact hypersensitivity reaction (CHS) to different molecules (the most commonly used 
are oxazolone and dinitrofluorobenzene). The reaction consists of a first contact between the 
antigen and the skin, named sensitization, where specific T cell activation takes place in drain-
ing lymph nodes, and a second contact in the ear skin of sensitized animals, named challenge. 
After the challenge, a specific T cell-driven inflammatory response is established and can be 
measured as the increase in ear thickness. Using CHS reaction, it was demonstrated that sev-
eral immune cells are involved in the UV-induced immunosuppression:
• The DCs that migrate from the skin to lymph nodes to present antigens to T cells expose 
a tolerogenic phenotype after UV irradiation. This leads to the promotion of T cell differ-
entiation to a regulatory phenotype. The exact role of LCs in this process is controversial, 
since it was demonstrated that these cells are not essential to establish the UV-induced 
immunosuppression [27, 34], but it was also observed in other experiments that LCs are 
required to produce the phenomena [35]. These events were demonstrated applying the 
sensitizer onto the irradiated skin.
• During T cell activation by tolerogenic DCs in skin draining lymph nodes, a differentiation 
to regulatory T cells (Tregs) is produced [36]. These Tregs are antigen specific and may 
transfer the immunosuppressive estate when injected to naïve mice. Moreover, these Tregs 
can modulate new immature DCs to turn them into tolerogenic, reinforcing the suppres-
sion on the immune response [37].
• Skin mast cells can also migrate to the lymph nodes after irradiation. This migration is 
essential to establish the immunosuppression [38], and these mast cells are necessary for 
the generation of regulatory B cells (Bregs), which are other important regulators of the im-
mune response that are involved in the cutaneous response after UV exposure [39].
• Regulatory B cells, as well as Tregs, can modulate DCs’ induction of immunity [40], favor-
ing a vicious circle of specific immunosuppression that is set up after skin exposure to UV 
radiation.
The abovementioned cells produce their effects by sensing and releasing soluble mediators. A 
pivotal cytokine involved in this suppression is IL-10, since its blockade by specific antibod-
ies [41, 42] or using knock-out mice [43] leads to normal immune responses even after UV 
exposure. This cytokine is produced by many cells, described earlier in this chapter, such 
as keratinocytes [44], DCs [45], Tregs, mast cells [46] and Bregs. Vitamin D, whose synthesis 
in the skin is dependent on UV exposure, also plays an important role as a soluble media-
tor of UV-induced immunosuppression. This vitamin induces a tolerogenic phenotype on 
DCs in vitro [47] and can mimic the effect of the radiation in vivo [48]. Another important 
soluble mediator with systemic effects which is produced in the skin after UV exposure is 
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prostaglandin E2. This eicosanoid is a main product of cyclooxygenase-2 (COX-2), which is up-regulated in irradiated skin and whose drug-mediated blockade decreases the UV-induced 
immunosuppression [18]. Other soluble mediators have been implicated specifically in UVA-
induced suppression such as the alternative complement component factor B [49] and sero-
tonin [50]. Platelet-activating factor, TNF-α, IL-4 and histamine also play a role in that process.
Besides its effects on mature T and B cells during their activation in skin draining lymph 
nodes, UV radiation can also modulate the differentiation of immune cells in primary 
lymphoid organs. In particular, bone marrow cells are affected in UV-exposed animals. DCs 
(CD11c + cells) differentiated in vitro from the bone marrow of UV-exposed animals were less 
competent than the control cells (differentiated from non-exposed animals). The defective 
bone marrow precursor phenotype can be restored by treating the exposed animals with a 
COX-2 inhibitor, demonstrating the role of PGE2 in affecting bone marrow cells [51].
2.3. Other indirect effects on immune system
The effects of microbiota on immune system has been vastly described and is a topic of growing 
interest during the last years. Even though the most important efforts are directed to study and 
to explain the interaction of immune system with gut microbiota, this is not the only important 
microenvironment that may affect the human health. Skin microbiome is indeed an important 
stimulus for cutaneous immunity. It is composed of a complex group of microorganisms, includ-
ing bacteria, virus and fungus, which has their particular equilibrium. A disbalance in the com-
mensal microbial community may impact on skin health, as is the case of Staphylococcus aureus role 
in atopic dermatitis [52]. It is not the aim of this chapter to discuss in detail the role of skin micro-
biome in health and disease, but what is certain is that it can modulate the skin immune system.
Skin exposure to the Sun and UV radiation not only impact skin cells, but also may affect 
microorganisms living on the skin surface. The effect of the radiation on the microorganisms 
depends on the type of microbe, its life cycle (spores tend to be more resistant that other 
forms) and the location (microbes can penetrate deep into the skin appendages). However, 
UV radiation can definitely affect skin microbiota, leading to different interactions with both 
adaptive and innate immunity [53]. The exact role of UV radiation on skin microbiome and 
its effects on immune system need to be studied in detail during the next years, in order to 
elucidate their implications in skin diseases.
3. Role of UVradiation exposure and immune system modulation on 
skin diseases
As it was mentioned earlier in this chapter, the most important effect of UV radiation on 
human health is the induction of skin cancer and the establishment of an immunosuppressive 
environment which allows the growth of the tumors. However, skin cells malignant trans-
formation is not the only affection produced by UV radiation on the skin. Photosensitivity 
in Lupus erythematosus is also produced by UV exposure. Moreover, skin infections may be 
favored by skin UV irradiation. The mechanisms of these skin malignancies are discussed in 
the following sections.
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3.1. UV-induced immune effects implicated with skin cancer development
The skin exposure to sunlight, as well as to artificial sources of UV radiation, is the main etio-
logical factor in basal cell carcinoma, squamous cell carcinoma, cutaneous malignant mela-
noma, actinic keratosis and melanocytic nevi [11]. The mutagenic role of UV radiation was 
already mentioned, but it is important to mention the most common mutated genes in skin 
cancer. Even though the mutagenic effect is directed to DNA sites with adjacent pyrimidines, 
there are some target genes more frequently affected, as is the case of p53. The protein codi-
fied by this gene is crucial in the regulation of cell cycle, favoring cell arrest in order to allow 
enzymatic machinery, another important protective factor, to repair the UV-induced DNA 
damage. More than 60% of aggressive basal cell carcinoma was found to have mutations on 
p53 gene [54]. These mutations were also found in normal sun-exposed skin of skin cancer 
patients [55]. The importance of cellular DNA repair machinery can be seen in patients with 
xeroderma pigmentosum. These patients present an autosomal recessive deficiency of DNA 
repair enzymes, developing basal cell carcinoma and other skin cancers at a very young age 
[56]. These patients are highly susceptible to sunlight, and they need, in some cases, to com-
pletely avoid sun exposure, being known as “children of the moon” [57].
Besides cell biology affections produced by UV radiation, this carcinogen promotes systemic 
immunosuppression. The relevance of the immune system alterations in skin cancer can be 
weighted through different experimental data:
• As it was mentioned, IL-10 is a pivotal cytokine in UV-induced suppression, which is 
secreted by several cell types after skin irradiation. In IL-10 knock-out mice, it has been 
reported the absence of skin tumors after chronic UV irradiation, besides the mutagenic 
effect of the radiation [58]. Moreover, in human studies, it has been demonstrated that the 
presence of a polymorphism in the IL-10 promoter that leads to a deficient transcription of 
the gene is inversely correlated with the development of skin cancer in UV-exposed skin 
areas [59].
• Prostaglandin E2 is also a very important molecule implicated in the UV-induced skin 
carcinogenesis. The pharmacological blockade of its production, by oral or topical admin-
istration of the drugs, along chronic irradiation protocols in mice, lead to a decrease in the 
number and size of the tumors [60, 61]. The selective inhibition of the inducible isoform 
of the enzyme cyclooxygenase (COX-2) by drugs, like Celecoxib, as well as with nonselec-
tive drugs (COX-1 and COX-2 inhibitors), like indomethacin or naproxen, both show the 
same antitumoral effect [62]. However, even though the number of tumors is decreased by 
these treatments, there is still a high frequency of mice with at least one tumor. The role of 
COX-2 in UV-induced skin tumors is described in detail in [18], but it is important to men-
tion that plenty of natural compounds derived from plants are effective in decreasing the 
expression or the activity of this enzyme.
• The relevance of IL-12 to the immune response against UV-induced tumors was reported 
by Meeran et al. [63]. They observed that the animals which were deficient in this cytokine 
were more sensitive to the UV-induced carcinogenesis, developing a greater number of 
tumors and also generating them in a shorter period of chronic irradiation.
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But the modulation of the immune system to allow transformed cells to growth is not the 
only effect of UV radiation. It has been recently reported that UV promotes angiogenesis and 
metastasis of melanoma, once this tumor is developed [64]. Using a genetically engineered 
mice model, Bald et al. demonstrated that, once the tumor is established, the chronic exposure 
to UV radiation lead to the release of DAMPs (damage associated molecular patterns) from 
keratinocytes, promoting an TLR-4-dependent inflammatory response. This inflammation 
recruits neutrophils and promotes vascular activation, allowing melanoma cells to invade 
blood vessels and to migrate to distant organs, like the lungs.
3.2. Role of UV exposure on cutaneous photosensitivity in systemic lupus 
erythematosus patients
Lupus (word that means wolf in Latin) is a widely known autoimmune disease, since 
Hippocrates times [65]. Its name was due to the characteristic destructive injuries that resem-
ble the bites of the animal. One of SLE patients’ main symptoms is a cutaneous rush on the 
face, butterfly-shaped, due to skin exposure to the Sun.
The immune mechanism involved in this symptom is supposed to be mediated by specific 
autoantibodies directed against nuclear proteins, Ro/SS-A 52, Ro/SS-A 60 and La/SS-B [66]. 
During the apoptotic cell death of irradiated keratinocytes, the nuclear antigens are relocated 
to the cellular membrane and exposed to the immune system [67, 68]. This exposure of nuclear 
antigens is supposed to be involved in two different processes:
• The induction of the specific autoantibodies, which involves the recognition of the apop-
totic bodies, with the nuclear antigens exposed on their membranes, by specific B cells. 
This recognition promotes the production and release of the specific autoantibodies 
anti-Ro/SS-A and anti-La/SS-B, a common laboratory finding in these patients.
• Once the autoantibodies are produced, they can reach the irradiated skin, recognize the 
apoptotic cells that expose the antigens on their surface and lead to an attack to the apop-
totic bodies by complement factors. This can ultimately produce the lysis of apoptotic cells, 
releasing their cellular content to the extracellular space. The release of the cellular content 
produces a strong inflammatory reaction where, in a normal condition, there will be no 
inflammation.
However, this theory does not explain why patients with other pathologies who are also posi-
tive for anti-Ro/SS-A and anti-La/SS-B autoantibodies, such as Sjögren’s syndrome patients, 
do not show cutaneous photosensitivity. This controversy is still present in the bibliography 
[69], and the molecular mechanism underlying the butterfly-shaped rush is still unknown.
3.3. Other skin conditions
As skin exposure to UV radiation affects DCs function, T and B cell activation, macrophage 
phagocytic activity and other immune mechanisms, it is expected to find alterations in 
responses against pathogens, including virus, bacteria, parasites and fungus [70]. In different 
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infectious diseases in mice models, it has been described the alteration of T cell function by 
exposing the animals to UV light before or after the infectious challenge [71]. It has been 
recently published that different procedures of irradiation, which include a single high UV 
dose and repetitive low UV doses, differentially affect the evolution of a Staphylococcus aureus 
cutaneous infection [72]. However, in humans, this effect is more elusive. There are just a few 
infections, mainly viral infections that have been observed to be affected by exposure to UV 
radiation.
4. Immune system modulation by UV radiation as a therapy
Due to the profound effects that UV radiation promotes on exposed cells and on local and 
systemic immune system, the use of this radiation for human therapy is widely spread. 
Besides all the knowledge on the molecular effects of UV radiation described earlier, the 
first therapeutic use of this radiation was Finsen’s work, mentioned in the introduction of 
this chapter, where he treated Lupus vulgaris using a carbon arc lamp, more than a cen-
tury ago [73]. Currently, UV phototherapy is mainly employed in different dermatological 
disorders, including psoriasis, vitiligo, atopic dermatitis and cutaneous T cell lymphomas 
[74]. However, the usage of phototherapy has also been proposed to treat different systemic 
conditions like autoimmune diseases. Phototherapy procedures include exposure to broad-
band UVB (BB-UVB), narrow-band UVB (NB-UVB) and psoralen + UVA (PUVA), but the 
analysis of their differences exceeds the purpose of this chapter [75].
4.1. Phototherapy effects in psoriasis
Psoriasis is a chronic inflammatory skin disease. It is characterized by cutaneous lesions, 
produced by hyperproliferation of keratinocytes under the control of T cells. In the patho-
genesis of the disease, different inflammatory cytokines are involved, like TNF-α and 
IL-17. UVB phototherapy has been widely used for psoriasis treatment during decades, 
evolving from BB-UVB to NB-UVB. The role of phototherapy in these patients can be 
inferred from the abovementioned molecular mechanisms induced by UV radiation. 
Basically, it promotes several changes in the affected skin, including the direct effect on 
keratinocytes preventing their proliferation and indirect effects on immune system. The T 
cell activity is unbalanced by UV radiation, increasing IL-4 production that affects Th-17 
and Th-1 profiles, both implicated in the perpetuation of the inflammatory state in the 
patients. In this way, UV phototherapy produces a decrease in the production of IFNγ, 
TNFα, IL-17 and IL-22 and an increment in IL-10 secretion. Moreover, an augmented 
migration of Tregs to the irradiated psoriatic skin has been observed, which may also 
contribute to control this disease [76].
UVB phototherapy must be rationally employed, since the chronic exposure to this treatment 
may increase the risk of skin cancer development. Patients under this therapy may have to 
replace it by any other available therapy, such as topical and systemic drugs or blocking anti-
bodies, after a prolonged period of use.
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4.2. Phototherapy in vitiligo
Vitiligo is an autoimmune disease characterized by the absence of melanin in particular zones 
of the skin, which remains unpigmented. This lack of pigmentation is due to deficient activity 
of melanocytes, the epidermal cells with the ability and the enzymatic machinery to synthe-
size this pigment [77].
Phototherapy in vitiligo promotes two main cellular effects such as the activation of 
melanocytes and the promotion of Tregs. The first effect is directly related to the lack of 
pigmentation, and melanocytes are sensitive to UV radiation as a signal that induces mela-
nin synthesis. In this way, UV phototherapy directly promotes the melanin synthesis. The 
second effect is associated to the main topic of this chapter, the modulation of the immune 
system by UV radiation. The mechanisms are the same that have been discussed in this 
chapter, but the goal is to induce immunological tolerance once it has been lost [78, 79]. 
The exact antigens that trigger vitiligo are unknown, but the mechanisms that lead to sup-
pression of immunity after UV irradiation seem to be effective to counteract this cutaneous 
autoimmune disease.
4.3. Experimental phototherapy for cutaneous infections
As it was mentioned, UV irradiation may promote several changes in skin and systemic 
immune system. These changes are dependent on the dose and the periodicity of the expo-
sure, and include local inflammation, activation of innate immune response, generation of 
tolerogenic DCs and Tregs [80]. Many of these changes can positively impact on the progres-
sion of cutaneous infections produced by different types of pathogens.
The parasite from the genus Leishmania, an endemic pathogen in some South American, 
African and Asian countries, promotes characteristic cutaneous lesions on infected individu-
als. Using mice models, it has been demonstrated that the exposure of animals to low dose UVB 
radiation (exposures on 4 consecutive days) prior to the challenge with Leishmania amazonensis 
promastigotes protects the animals against the cutaneous lesions. Moreover, UV-exposed ani-
mals presented higher levels of serum IFN-γ and TNF-α, compared to nonirradiated control 
infected mice [81]. These results demonstrate that cutaneous leishmaniasis can be modulated 
by UV radiation. However, the exposure to the radiation was performed prior to the parasite 
challenge, and the results cannot be extrapolated to a treatment for infected individuals. It 
is worth to notice that there is a research vacancy on experimental phototherapy for cutane-
ous leishmaniasis, but there are a few reports that have demonstrated the effectiveness of 
this treatment in mice models, which received UV or sunlight irradiation prior to the infec-
tion as well as during the long-term observation of the lesions. In the works of Giannini and 
Hoseinipoor et al., it can be observed that irradiated animals can recover from the infection 
faster than nonirradiated control animals [82, 83].
As UV radiation, especially UVC, present a direct bactericidal effect, it was directly used 
for the treatment of a cutaneous infection caused by antibiotic-resistant bacteria. The case 
reported by Aleem et al. shows the use of an UVC germicidal lamp to treat a poly-microbial 
burn wound infection. The infection was caused by Staphylococcus aureus, Klebsiella pneumoniae 
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and Pseudomonas aeruginosa, and the antibiotic therapy was unsuccessful. The physicians 
decided then to use UVC phototherapy and, finally, the 9-year-old patient recovered from 
the infection [84]. The success obtained with this treatment may be due to a direct germicidal 
effect or by immune system modulation. More studies need to be performed to clarify this 
point and to allow the establishment of new treatments for cutaneous infections produced by 
antibiotic-resistant bacteria.
4.4. Experimental phototherapy for autoimmune diseases
As it was mentioned earlier, skin exposure to UV radiation leads to an important systemic 
immunosuppression. The influence of this tolerogenic effect on an internal organ autoim-
mune disease was deeply studied by Dr. Scott Byrne’s group using a mice model of multiple 
sclerosis (MS), the experimental autoimmune encephalitis (EAE). They showed that exposing 
the animals to UV radiation prior to the antigenic challenge, and also during the evolution of 
the disease, it was possible to decrease the severity of the EAE, including the demyelination 
process [85]. This effect was dependent on B cells, since the protection against the pathology 
can be obtained by transferring B cells from irradiated animals to naïve mice. Moreover, phar-
macological depletion of B cell abolished the UV-mediated protection against EAE.
Being aware of these effects on mice, it seems promising to treat MS patients using photo-
therapy. Dr. Prue Hart faced this challenge, and set a clinical trial to treat patients suffering 
clinically isolated syndrome, who have a high susceptibility to develop MS [86]. The results of 
this clinical trial may open a new era on the treatment of autoimmune diseases using cutane-
ous phototherapy.
4.5. Extracorporeal blood irradiation
Skin exposure to UV radiation is not the only therapeutic procedure that employs artificial 
sources of this radiation. There are two procedures based on the extraction of blood from the 
patients and its subsequent exposure to a source of UV radiation: extracorporeal photophere-
sis (ECP) and ultraviolet blood irradiation (UBI). These two procedures base their efficacy on 
the modulation of the immune system. However, while ECP promotes a downregulation of 
immune effector mechanisms, UBI produces the opposite effect.
ECP consists of blood extraction, buffy coat separation, its subsequent mixture with a sensi-
tizer (psoralens) and an exposure to a UVA source. The irradiated white blood cells are then 
reinfused to the patient. This procedure has shown to be not only effective but also safe, and 
it has mainly mild and transient side effects. It was first described to treat cutaneous T cell 
lymphoma and chronic graft versus host disease, but it can also be employed in different 
autoimmune pathologies such as scleroderma, multiple sclerosis, Type 1 diabetes mellitus, 
rheumatoid arthritis or Crohn’s disease [87]. Its mechanism of action is not completely under-
stood, but it has been shown that the PUVA treatment produces the apoptosis of exposed 
cells, which are phagocyted by DCs once they are reinfused. These DCs acquire a tolerogenic 
phenotype, promoting the generation of regulatory T cells that ultimately lead to the control 
of the pathologic T cells [88].
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On the other hand, UBI is an old and almost forgotten technique, whose use was extensive 
in the 1940s and 1950s. Similarly to ECP, it consists of blood extraction with citrate (around 
5–7% of total blood) and its subsequent irradiation using UVC or UVB radiation, without any 
cellular separation. It was employed to treat many infectious diseases such as septicemia, 
tuberculosis and pneumonia, and other pathologies like arthritis and asthma [89]. The exact 
mechanisms of action are not fully understood, but it is known that an activation of antigen 
presenting cells is produced during the procedure. Even though this treatment has almost 
been abandoned, it may be a therapeutic option against multi-resistant bacterial infections.
5. Conclusions
Skin exposure to sunlight, specifically to UV radiation, triggers very well-known mecha-
nisms that may ultimately promote a profound modulation of the immune system, including 
both innate and adaptive immunity. This modulation of the immunological response leads 
to a defective control of tumor cells and pathogens. Moreover, as it affects systemic immu-
nity, it can also alter the response to vaccines. On the other hand, the knowledge of these 
detrimental effects has led to multiple options to treat immune-based pathologies. In this 
way, the potentiality of cutaneous and systemic immunomodulation by different types of 
phototherapy is yet far to be completely explored.
Acknowledgements
The research developed by the authors is funded by grants from Universidad de Buenos Aires 
(UBA), Consejo Nacional de Investigaciones Científicas y Técnicas (CONICET) and Agencia 
Nacional de Promoción Científica y Tecnológica (ANPCyT).
Conflict of interest
The authors have no financial conflict of interest.
Author details
Eliana M. Cela1,2, Mariela L. Paz1,2, Juliana Leoni1,2 and Daniel H. González Maglio1,2*
*Address all correspondence to: danielgm@ffyb.uba.ar
1 Facultad de Farmacia y Bioquimica, Cátedra de Inmunología, Universidad de Buenos 
Aires, Buenos Aires, Argentina
2 Instituto de Estudios de la Inmunidad Humoral (IDEHU), CONICET – Universidad de 
Buenos Aires, Buenos Aires, Argentina
Immunoregulatory Aspects of Immunotherapy114
References
[1] Beukers R, Eker APM, Lohman PHM. 50 years thymine dimer. DNA Repair (Amst). 
2008;7(3):530-543
[2] Hanson KM, Clegg RM. Observation and quantification of ultraviolet-induced reac-
tive oxygen species in ex vivo human skin. Photochemistry and Photobiology. 
2002;76(1):57-63
[3] Friedrich A, Paz M, Cela E, Leoni J, Gonzalez MD. Mitochondrial dysfunction and tissue 
alterations of ultraviolet-irradiated skin in five different mice strains. Global Journal of 
Dermatology & Venereology. 2014;2:4-12
[4] Gonzalez Maglio DH, Cela EM, Ferrari A, Leoni J. Mitochondrial function evaluation 
in epidermal cells ex vivo after ultraviolet irradiation. Experimental Dermatology. 
2011;20:947-950
[5] Kim C, Ryu H-C, Kim J-H, Low-dose UVB. Irradiation stimulates matrix metalloprotein-
ase-1 expression via a BLT2-linked pathway in HaCaT cells. Experimental & Molecular 
Medicine. 2010;42(12):833-841
[6] González Maglio DH, Paz ML, Leoni J. Sunlight effects on immune system: Is there 
something Else in addition to UV-induced immunosuppression? BioMed Research 
International. 2016;2016:1-10
[7] Wacker M, Holick MF. Sunlight and vitamin D: A global perspective for health. Dermato-
endocrinology. 2013;5(1):51-108
[8] Hönigsmann H. History of phototherapy in dermatology. Photochemical & Photo-
biological Sciences. 2013;12(1):16-21
[9] Roelandts R. Photodermatology over the past 125 years. The British Journal of 
Dermatology. 2014;171:926-928
[10] Roelandts R. The history of phototherapy: Something new under the sun? Journal of the 
American Academy of Dermatology. 2002;46(6):926-930
[11] Armstrong BK, Kricker A. The epidemiology of UV induced skin cancer. Journal of 
Photochemistry and Photobiology. 2001;63:8-18
[12] Tron VA, Trotter MJ, Tang L, Krajewska M, Reed JC, Ho VC, et al. p53-regulated apop-
tosis is differentiation dependent in ultraviolet B-irradiated mouse keratinocytes. The 
American Journal of Pathology. 1998;153(2):579-585
[13] Gonzalez Maglio DH, Paz ML, Ferrari A, Weill FS, Czerniczyniec A, Leoni J, et al. Skin 
damage and mitochondrial dysfunction after acute ultraviolet B irradiation: Relationship 
with nitric oxide production. Photodermatology, Photoimmunology & Photomedicine. 
2005;21:311-317
[14] Paz ML, González Maglio DH, Weill FS, Bustamante J, Leoni J. Mitochondrial dysfunc-
tion and cellular stress progression after ultraviolet B irradiation in human keratino-
cytes. Photodermatology, Photoimmunology & Photomedicine. 2008;24:115-122
Immune System Modulation Produced by Ultraviolet Radiation
http://dx.doi.org/10.5772/intechopen.75450
115
[15] Walterscheid JP, Nghiem DX, Kazimi N, Nutt LK, McConkey DJ, Norval M, et al. Cis-
urocanic acid, a sunlight-induced immunosuppressive factor, activates immune sup-
pression via the 5-HT2A receptor. Proceedings of the National Academy of Sciences of 
the United States of America. 2006;103(46):17420-17425
[16] Gibbs NK, Norval M. Urocanic acid in the skin: A mixed blessing? The Journal of 
Investigative Dermatology. 2011;131:14-17
[17] Peus D, Vasa RA, Beyerle A, Meves A, Krautmacher C, Pittelkow MRUVB. Activates 
ERK1/2 and p38 signaling pathways via reactive oxygen species in cultured keratino-
cytes. The Journal of Investigative Dermatology. 1999;112:751-756
[18] González Maglio DH, Paz ML, Cela EM, Leoni J. Cyclooxigenase-2 overexpression in 
non-melanoma skin cancer: Molecular pathways involved as targets for prevention and 
treatment. In: La Porta CA, editor. Skin Cancers Risk Factors, Prevention and Therapy. 
Rijeka, Croatia; In Tech; 2011. pp. 175-196
[19] Paz ML, Ferrari A, Weill FS, Leoni J, Gonzalez Maglio DH. Time-course evaluation 
and treatment of skin inflammatory immune response after ultraviolet B irradiation. 
Cytokine. 2008;44(1):70-77
[20] Aberer W, Schuler G, Stingl G, Hönigsmann H, Wolff K. Ultraviolet light depletes sur-
face markers of Langerhans cells. The Journal of Investigative Dermatology. 1981;76(3): 
202-210
[21] Rattis F-M, Péguet-Navarro J, Courtellemont P, Redziniak G, Schmitt D. In vitro effects of 
ultraviolet B radiation on human Langerhans cell antigen-presenting function. Cellular 
Immunology. 1995;164(1):65-72
[22] Rattis FM, Concha M, Dalbiez-Gauthier C, Courtellemont P, Schmitt D, Péguet-Navarro 
J. Effects of ultraviolet B radiation on human Langerhans cells: Functional alteration of 
CD86 upregulation and induction of apoptotic cell death. The Journal of Investigative 
Dermatology. 1998;111(3):373-379
[23] Trompezinski S, Pernet I, Schmitt D, Viac JUV. Radiation and prostaglandin E2 up-
regulate vascular endothelial growth factor (VEGF) in cultured human fibroblasts. 
Inflammation Research. 2001;50(8):422-427
[24] Fagot D, Asselineau D, Bernerd F. Direct role of human dermal fibroblasts and indirect 
participation of epidermal keratinocytes in MMP-1 production after UV-B irradiation. 
Archives of Dermatological Research. 2002;293:576-583
[25] Harvima IT, Nilsson G. Mast cells as regulators of skin inflammation and immunity. 
Acta Dermato-Venereologica. 2011;91(6):644-650
[26] Chung JH, Seo JY, Lee MK, Eun HC, Lee JH, Kang S, et al. Ultraviolet modulation of 
human macrophage Metalloelastase in human skin in vivo. The Journal of Investigative 
Dermatology. 2002;119(2):507-512
[27] Fukunaga A, Khaskhely NM, Sreevidya CS, Byrne SN, Ullrich SE. Dermal dendritic 
cells, and not Langerhans cells, play an essential role in inducing an immune response. 
Journal of Immunology. 2008;180(5):3057-3064
Immunoregulatory Aspects of Immunotherapy116
[28] Hatakeyama M, Fukunaga A, Washio K, Taguchi K, Oda Y, Ogura K, et al. Anti-
inflammatory role of Langerhans cells and apoptotic keratinocytes in ultraviolet-B–
induced cutaneous inflammation. Journal of Immunology. 2017;199(8):2937-2947
[29] Findlay G. Ultra-violet light and skin cancer. Lancet. 1928;212:1070-1073
[30] Kripke ML. Antigenicity of murine skin tumors induced by ultraviolet light. Journal of 
the National Cancer Institute. 1974;53(5):1333-1336
[31] Fisher MS, Kripke ML. Systemic alteration induced in mice by ultraviolet light irra-
diation and its relationship to ultraviolet carcinogenesis. Proceedings of the National 
Academy of Sciences. 1977;74(4):1688-1692
[32] Ullrich SE, Kripke ML. Mechanisms in the suppression of tumor rejection produced in 
mice by repeated UV irradiation. Journal of Immunology. 1984;133(5):2786-2790
[33] Schwarz T. Photoimmunosuppression. Photodermatology, Photoimmunology & 
Photomedicine. 2002;18:141-145
[34] Wang L, Jameson SC, Hogquist KA. Epidermal Langerhans cells are not required for 
UV-induced immunosuppression. Journal of Immunology. 2009;183(9):5548-5553
[35] Schwarz A, Noordegraaf M, Maeda A, Torii K, Clausen BE, Schwarz T. Langerhans 
cells are required for UVR-induced immunosuppression. The Journal of Investigative 
Dermatology. 2010;130(5):1419-1427
[36] Schwarz A, Maeda A, Wild MK, Kernebeck K, Gross N, Aragane Y, et al. Ultraviolet 
radiation-induced regulatory T cells not only inhibit the induction but can suppress the 
effector phase of contact hypersensitivity. Journal of Immunology. 2004;172(2):1036-1043
[37] Schwarz A, Schwarz T. UVR-induced regulatory T cells switch antigen-presenting cells 
from a stimulatory to a regulatory phenotype. The Journal of Investigative Dermatology. 
2010;130(7):1914-1921
[38] Byrne SN, Limón-Flores AY, Ullrich SE. Mast cell migration from the skin to the drain-
ing lymph nodes upon ultraviolet irradiation represents a key step in the induction of 
immune suppression. Journal of Immunology. 2008;180:4648-4655
[39] Matsumura Y, Byrne SN, Nghiem DX, Miyahara Y, Ullrich SEA. Role for inflamma-
tory mediators in the induction of immunoregulatory B cells. Journal of Immunology. 
2006;177(7):4810-4817
[40] Byrne SN, Halliday GMB. Cells activated in lymph nodes in response to ultraviolet irra-
diation or by Interleukin-10 inhibit dendritic cell induction of immunity. The Journal of 
Investigative Dermatology. 2005;124:570-578
[41] Rivas JM, Ullrich SE. The role of IL-4, IL-10, and TNF-a in the immune suppression 
induced by ultraviolet radiation. Journal of Leukocyte Biology. 1994;56:769-775
[42] Shreedhar V, Giese T, Sung VW, Ullrich SEA. Cytokine cascade including prostaglandin 
E2, IL-4, and IL-10 is responsible for UV-induced systemic immune suppression. Journal 
of Immunology. 1998;160(8):3783-3789
Immune System Modulation Produced by Ultraviolet Radiation
http://dx.doi.org/10.5772/intechopen.75450
117
[43] Beissert S, Hosoi J, Kühn R, Rajewsky K, Müller W, Granstein RD. Impaired immu-
nosuppressive response to ultraviolet radiation in Interleukin-10–deficient mice. The 
Journal of Investigative Dermatology. 1996;107(4):553-557
[44] Enk CD, Sredni D, Blauvelt A, Katz SI. Induction of IL-10 gene expression in human 
keratinocytes by UVB exposure in vivo and in vitro. Journal of Immunology. 
1995;154:4851-4856
[45] Yoshiki R, Kabashima K, Sakabe J, Sugita K, Bito T, Nakamura M, et al. The mandatory 
role of IL-10-producing and OX40 ligand-expressing mature Langerhans cells in local 
UVB-induced immunosuppression. Journal of Immunology. 2010;184(10):5670-5677
[46] Grimbaldeston MA, Nakae S, Kalesnikoff J, Tsai M, Galli SJ. Mast cell–derived interleu-
kin 10 limits skin pathology in contact dermatitis and chronic irradiation with ultraviolet 
B. Nature Immunology. 2007;8(10):1095-1104
[47] Hart PH, Gorman S, Finlay-Jones JJ. Modulation of the immune system by UV radiation: 
More than just the effects of vitamin D? Nature Reviews. Immunology. 2011;11(9):584-596
[48] Schwarz A, Navid F, Sparwasser T, Clausen BE, Schwarz T. 1,25-dihydroxyvitamin D 
exerts similar immunosuppressive effects as UVR but is dispensable for local UVR-induced 
immunosuppression. The Journal of Investigative Dermatology. 2012;132(12):2762-2769
[49] Byrne SN, Hammond KJL, Chan CY-Y, Rogers LJ, Beaugie C, Rana S, et al. The alterna-
tive complement component factor B regulates UV-induced oedema, systemic suppres-
sion of contact and delayed hypersensitivity, and mast cell infiltration into the skin. 
Photochemical & Photobiological Sciences. 2015;14(4):801-806
[50] Wolf P, Byrne SN, Limon-Flores AY, Hoefler G, Ullrich SE. Serotonin signalling is crucial 
in the induction of PUVA-induced systemic suppression of delayed-type hypersensi-
tivity but not local apoptosis or inflammation of the skin. Experimental Dermatology. 
2016;25(7):537-543
[51] Ng RLX, Scott NM, Bisley JL, Lambert MJ, Gorman S, Norval M, et al. Characterization 
of regulatory dendritic cells differentiated from the bone marrow of UV-irradiated mice. 
Immunology. 2013;140(4):399-412
[52] Byrd AL, Belkaid Y, Segre JA. The human skin microbiome. Nature Reviews. Micro-
biology. 2018;16:143-155
[53] Patra VK, Byrne SN, Wolf P. The skin microbiome: Is it affected by UV-induced immune 
suppression? Frontiers in Microbiology. 2016;7
[54] Bolshakov S, Walker CM, Strom SS, Selvan MS, Clayman GL, El-Naggar A, et al. P53 
mutations in human aggressive and nonaggressive basal and squamous cell carcinomas. 
Clinical Cancer Research. 2003;9(1):228-234
[55] Nakazawa H, English D, Randell PL, Nakazawa K, Martel N, Armstrong BK, et al. UV 
and skin cancer: Specific p53 gene mutation in normal skin as a biologically relevant expo-
sure measurement. Proceedings of the National Academy of Sciences. 1994;91:360-364
Immunoregulatory Aspects of Immunotherapy118
[56] Kraemer KH, DiGiovanna JJ. Forty years of research on xeroderma pigmentosum at the 
US National Institutes of Health. Photochemistry and Photobiology. 2015;91(2):452-459
[57] Herouy Y, Krutmann J, Norgauer J, Schöpf E. Xeroderma pigmentosum: Children of the 
moon. Journal der Deutschen Dermatologischen Gesellschaft. 2003;1(3):191-198
[58] Loser K, Apelt J, Voskort M, Mohaupt M, Balkow S, Schwarz T, et al. IL-10 controls 
ultraviolet-induced carcinogenesis in mice. Journal of Immunology. 2007;179(1):365-371
[59] Nagano T, Kunisada M, Yu X, Masaki T, Nishigori C. Involvement of interleukin-10 pro-
moter polymorphisms in nonmelanoma skin cancers—A case study in non-caucasian 
skin cancer patients. Photochemistry and Photobiology. 2008;84(1):63-66
[60] Pentland AP, Schoggins JW, Scott GA, Khan KN, Han R. Reduction of UV-induced skin 
tumors in hairless mice by selective COX-2 inhibition. Carcinogenesis. 1999;20(10):1939-1944
[61] González Maglio DH, Paz ML, Ferrari A, Weill FS, Nieto J, Leoni J. Alterations in skin 
immune response throughout chronic UVB irradiation—Skin cancer development and 
prevention by naproxen. Photochemistry and Photobiology. 2010;86:146-152
[62] Fischer SM, Lo HH, Gordon GB, Seibert K, Kelloff G, Lubet RA, et al. Chemopreventive 
activity of celecoxib, a specific cyclooxygenase-2 inhibitor, and indomethacin against 
ultraviolet light-induced skin carcinogenesis. Molecular Carcinogenesis. 1999;25(4): 
231-240
[63] Meeran SM, Mantena SK, Meleth S, Elmets CA, Katiyar SK. Interleukin-12-deficient mice 
are at greater risk of UV radiation–induced skin tumors and malignant transformation 
of papillomas to carcinomas. Molecular Cancer Therapeutics. 2006;5(4):825-832
[64] Bald T, Quast T, Landsberg J, Rogava M, Glodde N, Lopez-Ramos D, et al. Ultraviolet-
radiation-induced inflammation promotes angiotropism and metastasis in melanoma. 
Nature. 2014;507(7490):109-113
[65] Mallavarapu RK, Grimsley EW. The history of lupus erythematosus. Southern Medical 
Journal. 2007;100(9):896-898
[66] Furukawa F, Kashihara-Sawami M, Lyons MB, Norris DA. Binding of antibodies to the 
extractable nuclear antigens SS-A/Ro and SS-B/La is induced on the surface of human 
keratinocytes by ultraviolet light (UVL): Implications for the pathogenesis of photosensi-
tive cutaneous lupus. The Journal of Investigative Dermatology. 1990;94:77-85
[67] Casciola-Rosen LA, Anhalt G, Rosen A. Autoantigens targeted in systemic lupus erythe-
matosus are clustered in two populations of surface structures on apoptotic keratino-
cytes. The Journal of Experimental Medicine. 1994;179(4):1317-1330
[68] Ayukawa K, Taniguchi S, Masumoto J, Hashimoto S, Sarvotham H, Hara A, et al. La 
autoantigen is cleaved in the COOH terminus and loses the nuclear localization signal 
during apoptosis. The Journal of Biological Chemistry. 2000;275(44):34465-34470
Immune System Modulation Produced by Ultraviolet Radiation
http://dx.doi.org/10.5772/intechopen.75450
119
[69] Paz ML, González Maglio DH, Pino M, Ferrari A, Weill FS, Nasswetter G, et al. Anti-
ribonucleoproteins autoantibodies in patients with systemic autoimmune diseases. 
Relation with cutaneous photosensitivity. Clinical Rheumatology. 2011;30(2):209-216
[70] Norval M, Halliday GM. The consequences of UV-induced immunosuppression for 
human health. Photochemistry and Photobiology. 2011;87:965-977
[71] Norval M, Garssen J, Van Loveren H, el-Ghorr AA. UV-induced changes in the immune 
response to microbial infections in human subjects and animal models. Journal of 
Epidemiology. 1999;9(6 Suppl):S84-S92
[72] Cela E, Gonzalez C, Friedrich A, Ledo C, Paz M, Leoni J, et al. Daily very low UV dose 
exposure enhances adaptive immunity, compared with a single high dose exposure. 
Consequences on the control of a skin infection. Immunology. 2018. DOI: 10.1111/
imm.12901 [Epub ahead of print]
[73] Grzybowski A, Pietrzak K. From patient to discoverer—Niels Ryberg Finsen (1860-
1904)—The founder of phototherapy in dermatology. Clinics in Dermatology. 
2012;30(4):451-455
[74] Bulat V, Situm M, Dediol I, Ljubicić I, Bradić L. The mechanisms of action of photo-
therapy in the treatment of the most common dermatoses. Collegium Antropologicum. 
2011;35(Suppl 2):147-151
[75] Osório F, Magina S. Phototherapy and photopheresis: Old and new indications. Expert 
Review of Dermatology. 2011;6(6):613-623
[76] Wong T, Hsu L, Liao W. Phototherapy in psoriasis: A review of mechanisms of action. 
Journal of Cutaneous Medicine and Surgery. 2013;17(1):6-12
[77] Dwivedi M, Helen Kemp E, Laddha NC, Mansuri MS, Weetman AP, Begum R, Regulatory 
T. Cells in vitiligo: Implications for pathogenesis and therapeutics. Autoimmunity 
Reviews. 2015;14(1):49-56
[78] Paro Vidolin A, Aurizi C, Leone G. Phototherapy for vitiligo, what’s new? Giornale 
Italiano di Dermatologia e Venereologia. 2017;152(5):474-488
[79] Pacifico A, Leone G. Photo(chemo)therapy for vitiligo. Photodermatology, Photoimmu-
nology & Photomedicine. 2011;27(5):261-277
[80] Cela EM, Friedrich A, Paz ML, Vanzulli SI, Leoni J, González Maglio DH. Time-course study 
of different innate immune mediators produced by UV-irradiated skin: Comparative effects 
of short and daily versus a single harmful UV exposure. Immunology. 2015;145(1):82-93
[81] Khaskhely NM, Maruno M, Uezato H, Takamiyagi A, Ramzi ST, Al Kasem KM, et al. 
Low-dose UVB contributes to host resistance against Leishmania amazonensis infection 
in mice through induction of gamma interferon and tumor necrosis factor alpha cyto-
kines. Clinical and Diagnostic Laboratory Immunology. 2002;9(3):677-686
Immunoregulatory Aspects of Immunotherapy120
[82] Giannini MSH. Suppression of pathogenesis in cutaneous leishmaniasis by UV irradia-
tion. Infection and Immunity. 1986;51(3):838-843
[83] Hoseinipoor F, Banihashemi M, Jaafari MR, ZariJavidi, Azarian AA, Goyonlo VM. The 
effect of sun radiation on the course of cutaneous leishmaniasis in BALB/c mice. Iranian 
Journal of Basic Medical Sciences. 2011;14(2):145-150
[84] Aleem NA, Aslam M, Zahid MF, Rahman AJ, Rehman FU. Treatment of burn wound 
infection using ultraviolet light: A case report. The Journal of the American College of 
Clinical Wound Specialists. 2014;5(1):19-22
[85] Kok LF, Marsh-Wakefield F, Marshall JE, Gillis C, Halliday GM, Byrne SNB. Cells are 
required for sunlight protection of mice from a CNS-targeted autoimmune attack. 
Journal of Autoimmunity. 2016;73:10-23
[86] Hart PH, Lucas RM, Booth DR, Carroll WM, Nolan D, Cole JM, et al. Narrowband UVB 
phototherapy for clinically isolated syndrome: A trial to deliver the benefits of vitamin 
D and other UVB-induced molecules. Frontiers in Immunology. 2017;8:3
[87] Kuzmina Z, Stroncek D, Pavletic SZ. Extracorporeal photopheresis as a therapy for auto-
immune diseases. Journal of Clinical Apheresis. 2015;30(4):224-237
[88] Scarisbrick J. Extracorporeal photopheresis: What is it and when should it be used? 
Clinical and Experimental Dermatology. 2009;34(7):757-760
[89] Wu X, Hu X, Hamblin MR. Ultraviolet blood irradiation: Is it time to remember “the cure 
that time forgot”? Journal of Photochemistry and Photobiology B: Biology. 2016;157:89-96
Immune System Modulation Produced by Ultraviolet Radiation
http://dx.doi.org/10.5772/intechopen.75450
121

